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Abstract

Information and knowledge on maintenance vulnerabilities will be significantly useful to enhance the resilience of buildings
against natural disasters. An ongoing project sponsored by the Sustainable Built Environment National Research Centre in
Australia aims to: (a) investigate what could be the impacts of maintenance on building resilience in extreme events such as high 
winds, flash floods and bush fires; (b) review current approaches, practices and policies; and (c) explore opportunities to improve
resilience and values over the lifecycle of buildings. In general, the performance of buildings decreases over time and without 
effective maintenance, their vulnerability to extreme events will increase. What kinds of maintenance will be effective in
improving the resilience of public sector building stock (such as social housing) is the key question targeted in this research. This
paper presents a set of preliminary summaries from this ongoing research.  The outcomes in terms of implementation strategies 
will be useful to building owners, governments, and insurance institutions.
© 2017 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the scientific committee of the 7th International Conference on Building Resilience.
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1. Introduction

Maintenance are activities taken while the buildings are in use to keep the building performance at a level
acceptable to the users, including repairs, replacement, retrofit etc. The performance of buildings decreases over time 
and without effective maintenance, their vulnerability to extreme events will increase. An ongoing research project 
sponsored by the Sustainable Built Environment National Research Centre (SBEnrc) in Australia aims to assess the 
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role of maintenance on the resilience of buildings in extreme events.  The scope of ongoing research is limited to 
extreme events that causes the highest financial losses in Australia such as high winds, flash floods and bush fires. 
The focus of current research is on low-rise buildings in public sector. This paper provides an overview on 
vulnerabilities of extreme events in Australia and a summary on maintenance approaches for building resilience. The 
interim findings reported in this paper are derived from (a) primary review of some industry reports, regulations and 
standards; and (b) the key notes and feedback summaries consolidated in: (i) numerous brainstorming sessions by 
the research team at Swinburne University of Technology and Griffith University as well as (ii) two project steering 
group meetings participated by various government departments and industry partners/ stakeholders, SBEnrc 
representatives and the research team.  

2. Extreme events in Australia and their impacts 

Extreme events such as cyclones, bushfires and flashfloods are noted as disastrous only if they cause severe 
impacts on a community in terms of life and/or property losses. Impacts of natural disasters on building stocks result 
from the interaction of the natural physical environment with a community and its built environment. Table 1 and 2 
portray snapshot details compiled from datasets of Australian Bureau of Transport Economics [1] and [2].  

     Table 1. A snapshot example of losses due to extreme events in Australia. 

Category of 
extreme event 

Magnitude of annual 
economic loss: average for 
1967-1999 [1] 

Percentage of insured out 
of total loss in that 
category of extreme event 

Building damage: 
percentage of total 
[2] 

Flood 29% 14.15% 22% 

Severe storm 26% 47.37% 23% 

Tropical cyclone 25% 17.98% 30% 

Earthquake 13% 23.40% 5% 

Bushfire 7% 25.92% 20% 

Landslide <1 Not available Not available 

     Table 2. A snapshot of losses by region in Australia [1]. 

Category of 
extreme event 

New South 
Wales 

Northern 
Territory 

Queensland South 
Australia 

Victoria Western 
Australia 

Flood 26.2% 5.7% 46.7% 39.2% 41.1% 4.1% 

Severe storm 40.5% --- 15.6% 35.1% 24.3% 17.7% 

Tropical cyclone --- 94.1% 0.2% --- --- 66.4% 

Earthquake 29% --- --- --- --- 4.7% 

Bushfire 3.5% --- 37.6% 25.8% 34.6% 7.1% 

 
 
Significant points to note are: 

• Flood and high wind (severe storms and cyclones) account for 80% of total economic losses 
• High wind, flood and bushfire account for 95% of building damage 
• Ratios of insured to total losses of extreme event damages on building stocks are: 15% for flood, 25% for 

bushfire and 35% for high wind (storms and cyclones)  
• Hazard extents and effects of extreme events in different regions are different. For example, Blong et.al. [2] 

reported that Queensland has a ‘low bushfire severity potential compared to the southern states and yet bushfire 
losses in this region is still the second ranked category for the Queensland state in terms of extreme events. 

• Significant losses (> 10% of total) in order of severity  
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○ New South Wales: Storms, earthquakes and floods 
○ Queensland: Floods, bushfires and storms  
○ Northern Territory: Cyclones 

○ Victoria: Floods, bushfire and storms 
○ Western Australia: Cyclones and storms 
○ South Australia: Floods, storms and bushfires 

○ Tasmania: Bushfire and floods 
○ Australian Capital Territory: Storms and bushfires 

Table 3 portrays a set of primary and secondary hazards of extreme events that could affect building resilience. One 
of the key points noted in this research is that the secondary impacts may be more significant than the primary 
impacts in terms of losses and hence deserve substantial attention in the design. 

Table 3. A set of potential impacts of extreme events on building resilience. 

Extreme event Examples of primary 
hazards and impacts 

Examples of secondary hazards and 
impacts 

Tropical cyclones High wind, debris, 
falling trees, damages to 
overhead electrical lines 
and communication 
systems  

Potential flooding impacts to the built-
environment and landscape, pollution/ 
contamination of water storage, 
swimming pools, dampness, rotting, 
rusting, storm surge, coastal erosion, 
landslide 

Severe storms Heavy rainfall, 
inundation and other 
impacts of flash floods 
on building structures 
and built-environment 

Same as above 

Floods Water inundation, 
sudden gush of large 
volumes of water, soil/ 
slope erosion, 
hydrostatic and 
hydrodynamic impacts, 
debris impact, physical 
and water damages to 
structures, flood risks to 
HVAC components  

Pollution, landslide, erosion and other 
impacts to landscape, damages due to 
trapped moisture and mud  

Bushfires Burning/ charring, 
smoke, extreme heat, 
thermal cracks, fire 
destruction/ damages to 
building structures and 
built environment 

 

Pollution, secondary fire damages 

Earthquake Structural damage, 
cracks, uneven 
settlement of ground/ 
soil 

Tsunami, liquefaction, fire/ flooding 
potentials, obstructions   
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3. Disaster resilience in Australia 

To make a community and built environment better able to withstand and recover from the impacts of disasters, a 
cooperative effort involving many sectors of the community is required so as to enable: (a) comprehensive 
understanding of threats, vulnerabilities and impacts of risks; (b) develop methods and arrangements to manage 
those risks; and (c) implement appropriate actions for prevention or mitigation. Australian Government has issued 
various policy papers such as ‘National Strategy for Disaster Resilience’ [3] and National Disaster Resilience 
Framework [4] aiming at improving community and organisational resilience. Various state authorities in Australia 
have also introduced specific measures to improve the resilience in extreme events, e.g. planning for stronger, more 
resilient floodplains [5]  

The interim findings of this research revealed important aspects of building resilience such as: (a) building 
performance over time such as strength, robustness, durability, ductility, vulnerability and adaptability; and (b) 
community capability to maintain building performance before and after extreme events. To improve resilience of 
buildings requires: (i) understanding of the risks associated with the hazards, (ii) understanding the performance of 
the buildings under those hazards, (iii) identifying critical maintenance items for each type of extreme events, (iv) 
identifying the means and barriers to implementation (both regulatory and non-regulatory), and (v) developing 
appropriate prevention/ mitigation measures through sustainability and lifecycle considerations. 

3.1. Understanding risks and design for resilience 

By regulation, the buildings are required to be designed for natural hazards such as earthquake, high wind, bush 
fire and flood. In Australia, current design standards for buildings focus on individual structures subjected to 
extreme events of a specific hazard: e.g. AS/NZS 1170.2:2011 for wind actions [6], AS/NZS 1170.4–2007 for 
earthquake actions [7], AS3959-2009 for construction in bushfire-prone areas [8] and National Construction Code 
for flood actions [9]. The preliminary review in this research revealed that issues such as (i) simultaneous effects of 
multiple hazards, (ii) the interconnectedness and interdependencies of structures and infrastructure systems, and (iii) 
post-disaster response and recovery are not adequately considered. At present, most designers just consider and 
confine to design for hazards as prescribed by regulations only. To enhance resilience of the future building stock 
and retrofit existing buildings, the designers need to comprehensively understand all risks of extreme event hazards, 
well beyond those prescribed by regulations and standards. For example, houses in some regions affected by cyclone 
Yasi withstood the wind forces pretty well (because they were designed for) but suffered considerable damage due 
to storm surges (which were not considered in design) [10].  

The consequences of an extreme event also vary greatly with the density of the buildings in a region. Current 
design procedures do not consider this comprehensively. The risk also varies with the nature of the hazard, some are 
regional specific and others are location specific. For example, high wind is regional specific while flash flood and 
bushfire are location specific. For location specific hazards, risk assessment needs to be made for each individual 
building or group of buildings for effective mitigation measures. Recent SmartBrief newsletter (dated 15th 
September 2017) by the American Society of Civil Engineers highlights that stronger building codes might improve 
building resilience and potentially limit damages from extreme events, e.g. hurricane Irma and severe storms [11]. 

 

3.2. Maintenance and building performance  

Performance of the existing building stock is dependent on a number of factors such as the age of the building, 
the type of construction and the level of maintenance. The performance of existing building stock is affected by 
factors such as material degradation, biological attack, moisture ingress, intended/ alternate use, maintenance 
strategies, extent of defects and non-conformances. Maintenance inadequacies will gradually reduce the building 
performance over time and the weaknesses will mostly reveal themselves with the exposure to occurrences of 
extreme events. 

Performance of new building may be affected by unanticipated events and uncertainties including novel features, 
obsolete or non-conforming products or practices. 
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Maintenance is carried out mostly to retain building functionality. Maintenance measures are mostly left to the 
discretion of the building owners. Some measures could be compulsory if they are concerned with safety such as the 
maintenance of firefighting equipment or building access and egress. In Australia, building maintenance is 
considered as a post construction event to be managed by States and Territories Governments. Consequently there is 
no reference to maintenance in the National Construction Codes [12]. 

What are the impacts of maintenance on the resilience of buildings under extreme events is a complex question 
since it might vary with aspects/ parameters such as the type of extreme events, age of buildings, and condition of 
components.   

 

4. Maintenance and some extreme events 

4.1. Maintenance and bushfire 

Despite bushfire risks, residential and non-residential developments in the bushfire prone regions are significant 
due to various reasons such as economic aspects and individual preferences [13]. The main parameters that affect 
bushfire behavior are weather, vegetation and ground slope. The main causes of loss to buildings are ember attack, 
heat exposure and wind effect. All the above parameters are often acting in combination [14]. 

A building resistance to bushfire attack is dependent on how it was designed and constructed. In Australia, the 
design requirements vary with the assessed bushfire attack level (BAL) and there are various strategies that can be 
employed in design [8] and planning of regional development. 

Maintenance has a major role in reducing the risk of ignition mainly by ember attack that account for most of 
losses to buildings by either (i) removing combustibles from exposed elements around the building or (ii) preventing 
embers from entering the building cavities (roof, wall and under floor spaces) [15]. 

The observations in this research revealed that one of the main tasks is to assess the risk level of individual 
building to decide if maintenance is critical for its survival in a bushfire event. 

4.2. Maintenance and high wind 

Many people prefer to live near coastlines or other waterfronts [16] and low lying areas are also exploited by 
space/ economic demands.   In Australia, the vulnerability of buildings under high wind (storms and cyclones) is 
dependent on the age and condition of the buildings. Stringent tightening of the building design and construction 
practice for high wind was introduced in early 1980s. Consequently, the observations revealed that there were 
considerable reduction of damages caused by cyclones for post-1980 building stock [10]. 

For pre-1980 buildings, retrofitting is necessary to maintain building resilience which is difficult challenge and 
costly. The assessment of building vulnerability under high wind is difficult because most of load carrying elements 
are hidden and not openly viewable.  

The effects of high wind can be mitigated if the residents are willing to know and prepared for prevention/ 
mitigation arrangements. The Cyclone Testing Station at James Cook University, Townsville has been active in 
providing advice on building practice to minimize the losses due to high wind. 

 

4.3. Maintenance and flood 

Floods in Australia are caused mainly by heavy rainfall which might result in both riverine and flash flooding. 
Flash floods are localized events caused by the drainage system inability to cope with intense bursts of rainfall. 
Similarly, riverine floods result when the watercourses are unable to cope with the excess water [17].  

On an average annual basis in Australia, floods cause more damages to building stock than any other natural 
disasters [18]. Floods can cause damage to buildings because of: hydrostatic and hydrodynamic forces, debris 
impact, dampness/ moisture effects on construction materials and built environment, and other effects such as 
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erosion by flow speed and buoyancy. The indirect effects of floods are far more significant such as isolation of 
critical facilities and disruption of services such as electricity, communication, water, sewage etc. Also, ripple 
effects such as corrosion, moisture traps in wall cavities,  

Maintenance for floods therefore relates to the maintenance of the flood plain management, the maintenance of 
the drainage system, flood emergency and flood warning systems as well as the preparation of the buildings before 
the floods and subsequent clean up and repairs.  Also, systematic safety evaluation of buildings after impacts of 
extreme storms and floods is essential [19]. 

 

5. Conclusions 

This paper presented brief discussions regarding the relationships between maintenance, extreme events and 
building resilience. Observations indicate that major losses to building assets in Australia are caused by extreme 
events of floods, windstorms, and bushfires. While building resilience is a national objective, the maintenance of 
public sector buildings is the responsibility of the States and Territories Governments. Mapping the impacts of 
maintenance on the resilience of buildings for extreme events is a complex challenge. For example, maintenance of 
the building and its surrounding is critical for the survival of the building exposed to bushfire extreme events. For 
high wind, the critical vulnerability of a building may vary with different factors such as the design and year of 
construction. With respect to flood, the impacts of maintenance on building resilience should be considered in a 
wider context such as including maintenance of the flood plain and drainage.  The building resilience could be 
enhanced by suitable design considerations (both buildings and surrounding influence areas around built-
environment), conforming materials and building components, relevant construction and maintenance practices 
(including preventive and predictive maintenance) and appropriate monitoring and governance – including 
mandatory and non-mandatory guidelines. 
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